Abstract
Introduction
Facility location and vehicle routing are interrelated areas. The classical facility location problem ignores tours while locating facilities and subsequently may lead to increased distribution cost [1] . In the case of full truckload quantities, the cost of delivery is independent of the other deliveries made, whereas in the case of less-than-truckload quantities, the delivery cost depends on the other customers on the route and the sequence in which customers are visited. So LRP is to solve a facility location problem that is the master problem, but in order to achieve this we simultaneously need to solve a vehicle routing problem that is the sub problem. This also implies an integrated solution approach [2] . Integrated location-routing problem can usually be modeled as a combinatorial optimization problem. We note that it is a NP-hard problem; there are limited exact algorithms for LRP because of the problem's complexity, but more papers using heuristic methods. Watson-Gandy and Dohrn use sequential method [3] , Barreto et al. use clustering-based method which begins by clustering customers according to the capacity of the vehicles. Then, for each cluster, a TSP is solved [4] . Finally, depot locations are found by treating each tour as a single customer. Both sequential methods and clusteringbased methods cannot guarantee an optimal solution to the combined problem. Wu, Low and Bai use iterating between location and routing phases, both phases rely on a combined tabu search and simulated annealing framework [5] . Clearly, the crux of the problem here is just how information can be compressed from one phase and fed into the other.
Typically, three-layer problems include product flows from plants or depots to distribution centers to customers. Most of the research about this problem pay attention to determining the location of distribution centers and the optimal set of vehicle routes serving the customer nodes while supposing the location of plants are present [6] [7] . To make strategic decision, the interdependence between location decisions of depots and distribution centers can not be ignored.
In this paper, we investigate a three-layer distribution network location-routing problem, considering locating two layers' facility simultaneously and establishing delivery routes from the distribution centers to customers, while each customer's requirement is less than a truckload. As the distribution center's demand is usually a full truckload, the shipments from the depots to the distribution centers are made in truckload quantities. We apply a hybrid genetic algorithm treating the problem as a whole and improving crossover and mutation with tabu search algorithm to increase search efficiency.
Mathematical model
In this paper, we assume the depots have unlimited capacity, but each distribution center has limit on its capacity. We also assume there are enough candidate vehicles, each vehicle has limited capacity.
To formulate the problem, we introduce the following inputs and sets notation: 
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The objective function (1) is the total costs consisting of the cost of establishing depots and distribution centers and the delivery cost from the depots to the distribution centers, the delivery cost from the distribution centers to the customers. Constraint set (2) ensures that each distribution center can be serviced by only one depot, Constraint set (3) forces each customer to be on exactly one route, Constraint set (4) restricts the throughput at each distribution center to the maximum allowed at that site, Constraint set (5) imposes a capacity restriction for each vehicle, Constraint set (6) states that any route entering node also must exit that same node. Constraint set (7) states that a route can operate out of only one distribution center. Constraint set (8) states that if route k leaves customer node i and also leaves distribution center j , then customer i must be assigned to distribution center j , Constraint set (9) ensures that each customer is assigned to exactly one distribution center, and (10) ensures that the distribution centers are assigned only to open depots. The corresponding requirement of assigning customers to open distribution centers is taken care of by (11) . Constraints (12) are standard integrality constraints.
Genetic algorithm design

Coding Design and Generate Initial Population
Genetic algorithm uses a three-level chromosome coding method composed of binary code and integer code as is described in Fig. 1 . [8] . Then the initial population A G ( A ＝1，2，…Popsize) is generated randomly, and each chromosome is different from each other. The Popsize is the number of chromosomes in the population.
Generate feasible solution
The chromosome should be decoded to a solution. 
Evaluate the Fitness value
Stop Rule
Set the maximal evolutionary generations as the end condition. And if the best fitness value does not improve over 40 generations, the algorithm ends.
Genetic Operator
Selection operator reproduces a chromosome by proportional selection. Crossover operator carry out Partially Matched Crossover(PMX) method in three segment respectively, crossover two chromosome by means of two-point crossover. The crossover rate is 07.
Mutation operator is to change one gene value in segment A and segment B randomly, and reverses genes between two random points in segment C. Mutation chromosome is compared with the father chromosome, the better one is selected. Mutation rate is set to 0.02, and will change to 0.1 if the best fitness value does not improve more than 10 generations.
In order to prevent the optimal solution of certain evolutionary generation from destroying by the crossover and mutation operation, the individual who has the best fitness value in the last generation will be saved in the next generation and replace the worst individual. The crossover operator and mutation operator in segment A and segment B join with tabu search algorithm to improve searching efficiency.
Tabu search
The tabu search theory and many of its applications can be found in Ref. [9] and, therefore, our unique concern in this section is to describe how the tabu search principles have been applied to improve the convergence rate of genetic algorithm.
Tabu search is a procedure that uses an initial solution as a starting basis for seeking improved solutions by searching different neighborhoods. The segment A and B of the father chromosomes which will carry on crossover and mutation operations are taken as initial solution. We use two types of movement to define neighborhoods for the tabu search. That is two-point crossover between two father chromosomes in crossover operation, randomly changing one gene in each segment in mutation operation.
A tabu list with recent-based memory structure was implemented to avoid cycling and reaching local optimized solution. We use a single tabu list for two kinds of neighborhoods; it is a FIFO circular queue having a fixed length. The memory elements in the queue include segment A and B of the father chromosomes which participate crossover and mutation operations. A movement is considered tabu when the offspring having the same segment A and B in tabu list. The length of the tabu list depends on the scale of specific problem.
Computational experiments
We have implemented the proposed algorithm and tested its performance on two problems of different size. The procedures were coded in C++ and run on a Pentium 4 PC. The details of these test problems are summarized in Table 1 . Table 1 . Characteristic of problems Column "size" shows the number of potential depots, potential distribution centers and customers. The third column shows the number of variables in the model. The fourth column displays the number of constraints in the model. The fifth column shows the ratio between the total demand and total capacity of all vehicles. The capacity of distribution centers is presented in the column "capacity". The last column of the table shows the ratio between the total demand and total capacity of all facilities. The depot fixed costs is 300. Other characteristic are presented in Table 2 . We run the algorithm 10 times for the two problems. The computational results for each problem are presented in Table 3 and Table 4 respectively. 3  2664  29  2  1  3  2634  38  3  1  3  2694  42  4  1  3  2690  22  5  1  3  2660  83  6  1  3  2590  30  7  1  3  2676  19  8  1  3  2644  66  9  1  3  2652  32  10  1  3  2690  38 The second column and the third column show the number of depots and distribution centers in optimal solution. We test different values for the characteristics in genetic algorithm and tabu search method. The size of population is 400 for the first problem, and 600 for the second. The maximal evolutionary generations is set to 500. The length of the tabu list is 450. 3  4790  257  2  1  3  4730  42  3  1  3  4768  69  4  1  3  4734  194  5  1  3  4744  165  6  1  3  4746  54  7  1  3  4758  82  8  1  3  4722  41  9  1  3  4778  38  10  1  3  4730  76 As the problem is a NP-hard problem, it is difficult to find the optimal solution to compare with the solution of our algorithm. So we compare this solution with Jin, Zhu and Shen [10] , who use a Lagrangian relaxation-based B&B algorithm. Although the CPU time cost in this paper is more than Set Size ( m n r ) [10] , but the best solution of the first problem in that one is 2878. It is greater than the solution in this paper. In this paper, we test problems with 20 customers and 40 customers respectively, all the problems can be solved in acceptable range. When the number of customers is 50, it is difficult to solve using this algorithm. So we see this algorithm is more feasible for small scale LRP. The static (single-period) LRP is very much prone to the criticism that the planning horizons of the location and routing sub problems do not match. The facilities are located at the beginning of the planning horizon and vehicle routes vary with the variations of customer demand. Hence, a simple method of increasing the delivery cost weighting in solving single-period LRP will minimize the cost of a long planning horizon including multiple route planning horizons. Salhi and Nagy assume that the depots are fixed throughout the planning horizon but the vehicle routes change following changes in customer demands [11] . It is also assumed that the customer set doesn't change. A number of solution approaches are investigated.
Conclusion
In this paper, we have investigated a three-layer location-routing problem considering locating two layers' facility simultaneously, and have formulated mathematical model. We have used a hybrid genetic algorithm to solve the problem. Genetic algorithm uses a three-level chromosome coding method composed of binary code and integer code. A tabu search method is adopted to improve crossover and mutation operator. Numerical results for this algorithm on various size test problems show that the algorithm is efficient to solve the problems. And this algorithm is more suitable for small size problems. For actual distribution network, it is necessary to investigate dynamic LRP.
